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Abstract 

Background: Elevated glucose concentrations lead to increased insulin secretion and suppression of glucagon 
secretion. In fact, insulin is a physiological inhibitor of glucagon secretion. Type 2 diabetes mellitus (T2DM) 
patients have defects in insulin secretion. In addition to this, lack of suppression of glucagon secretion under 
elevated glucose concentrations is also observed in T2DM patients. We have earlier shown that GPR40 activation 
by CNX-01 1-67 stimulates glucose stimulated insulin secretion (GSIS). Here we extended our studies to examine 
the impact of GPR40 activation by CNX-01 1-67 on glucagon secretion from intact islets under both normal and 
glucolipotoxic conditions. 

Findings: Glucagon secretion from intact rat islets was suppressed under elevated glucose concentration. 
Activation of GPR40 by CNX-01 1-67 further suppressed glucagon secretion. Culturing islets under chronic glucolipotoxic 
(GL) conditions, we have observed increased high glucose mediated glucagon secretion and content which were 
reduced with GPR40 activation by CNX-01 1-67. Interestingly, expression of pre-proglucagon gene (GCG) remained 
unchanged under glucolipotoxicity in the presence or absence of GPR40 activation. 

Conclusion: Activation of GPR40 by CNX-01 1-67 can reduce glucagon secretion from pancreatic islets. 
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Findings 

Insulin and glucagon have opposing effects on blood glu- 
cose level and hence a rigorous control on their secretion 
is necessary for maintaining normoglycemia during both 
fasting and post-prandial states. In T2DM patients, im- 
paired beta cell insulin secretion and impaired suppression 
of glucagon secretion from alpha cells lead to hypergluca- 
gonemia mediated hyperglycemia [1,2]. We have reported 
previously the development of CNX-01 1-67, a novel 
GPR40 agonist, which showed significant impact on beta 
cell health and insulin secretion [3]. Interestingly, Wang 
et al. [4] reported that GPR40 activation by free fatty acids 
could increase glucagon secretion in isolated pancreatic 
alpha-cells [4]. However, we did not observe any change in 
blood glucose levels in normal Wistar rats under fasting 
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conditions by CNX-01 1-67 administration (unpublished 
data). Given that GPR40 can increase insulin secretion 
which is a physiological inhibitor of glucagon secretion; 
we presumed that its impact on intact islets could be dif- 
ferent from what seen in isolated alpha cells. Since ele- 
vated glucose and insulin are known to suppress glucagon 
secretion [5], we hypothesized that activation of GPR40 by 
CNX-01 1-67 might also inhibit glucagon secretion in in- 
tact islets. To prove our hypothesis, we studied the impact 
of CNX-01 1-67 treatment on glucagon secretion in intact 
islets under both normal and glucolipotoxic condition. 



Acute treatment of CNX-01 1-67 reduces glucagon 
secretion 

Isolated rat islets exposed to high glucose concentration 
(11 mM) showed reduced glucagon secretion when com- 
pared to islets treated with low glucose (0.5 mM) (20.5 ± 
0.3 vs. 26.9 ± 0.9 pg/islet, P < 0.001; Figure 1A). In presence 
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Figure 1 Activation of GPR40 by CNX-011-67 treatment reduces glucagon secretion. (A) Glucagon secretion was reduced under high 
glucose condition and was further reduced by CNX-01 1-67 treatment. After culturing islets under vehicle control (VC) or chronic glucolipotoxic 
(GL) conditions in presence or absence of CNX-01 1-67, islets were treated with high glucose concentration for 2 h and amount of secreted glucagon 
(B), islet glucagon content (C) and glucagon secretion as % of content (D) were determined. After chronic culture, islets were used for gene expression 
analysis and mRNA levels of glucagon (GCG) (E) and GPR40 (F) were quantified. Data are represented as mean ± SEM from four replicates and statistical 
analyses were performed by ANOVA with Newman-Keuls post test (*P < 0.05, **P < 0.01 and ***P < 0.001). 



of high glucose, CNX-011-67 treatment further reduced 
glucagon secretion (12.0 ± 1.1 vs. 20.5 ± 0.3 pg/islet, P < 
0.001; Figure 1A). We earlier reported that CNX-011-67 
treated islets showed enhanced insulin secretion in re- 
sponse to increasing glucose concentration [6]. Hence it is 
plausible that the enhanced insulin secretion by CNX- 
011-67 might have reduced glucagon secretion in isolated 
rat islets. 

Impact of CNX-01 1-67 treatment on glucagon secretion 
under chronic glucolipotoxic conditions 

Intact rat islets were cultured under chronic glucolipotoxic 
(GL) conditions for 72 h to mimic T2DM pathology [7] 



followed by an acute exposure (2 h) to high glucose con- 
centration. Using the same assay conditions, we have earlier 
shown that acute (2 h) high glucose induced insulin secre- 
tion was reduced under GL conditions and was restored by 
CNX-011-67 [3]. Exposure of islets to 11 mM glucose post 
72 h treatment of GL condition elicited a higher glucagon 
secretion than that observed in control islets (32.9 ± 2.3 vs. 
22.2 ± 2.1 pg/islet, P < 0.001, Figure IB). However, chronic 
treatment with CNX-011-67 under GL conditions signifi- 
cantly reduced glucagon secretion (21.7 ± 1 vs. 32.9 ± 
2.3 pg/islet under GL, P < 0.01; Figure IB). Hence, CNX- 
011-67 reduced glucagon secretion under chronic GL 
conditions. 
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Impact of CNX-01 1-67 treatment on islet glucagon 
content 

An increase in glucagon content was observed in islets cul- 
tured under GL conditions (219.6 ± 8.1 vs. 122.7 ± 16.7 pg/ 
islet under VC, P < 0.001; Figure 1C). Chronic activation of 
GPR40 by CNX-01 1-67 treatment under GL conditions re- 
sulted in a partial but significant reduction in glucagon con- 
tent (174.4 ± 16.1 vs. 219.6 ± 8.1 pg/islet under GL, P < 0.05; 
Figure 1C). We earlier reported that under similar culture 
conditions CNX-01 1-67 increased insulin content [3]. 

When glucagon secretion was normalized to the islet 
glucagon content, we observed a significant reduction in 
glucagon secretion as % of glucagon content, only upon 
treatment with CNX-011-67 (11.1 ± 1.1 vs. 16.8 ± 1.1% of 
content, P < 0.01; Figure ID). 

Glucolipotoxic conditions or CNX-011-67 treatment 
showed no impact on pre-proglucagon gene expression 

Since glucagon content and secretion were reduced by 
CNX-011-67 treatment, we examined the impact on 
pre-proglucagon (GCG) gene expression. We did not 
observe any change in the expression of GCG in rat is- 
lets under GL conditions or by CNX-011-67 treatment 
(Figure IE). Similar data were obtained from alpha-TCl, 
a pancreatic alpha-cell line (data not shown). In contrast 
to this unchanged GCG gene transcription by CNX-011- 
67 treatment, we previously reported that CNX-011-67 
treatment reversed the reduction in insulin gene tran- 
scription caused by GL conditions [3]. 

GPR40 gene expression under GL conditions or 
CNX-011-67 treatment 

Islets cultured under GL conditions showed reduced 
GPR40/FFAR1 expression (0.51 ±0.11 fold of VC, P< 
0.05, Figure IF). Treatment with CNX-011-67 could mar- 
ginally increased its expression (0.69 ±0.18 vs. 0.51 ± 0.11 
fold under GL, P > 0.05, Figure IF). These data show that 
CNX-011-67, which acts via activation of GPR40, has no 
significant impact on its expression. 

Taken together, chronic GPR40 activation by CNX- 
011-67 treatment can reduce glucagon secretion and 
content without any change in GCG expression. How- 
ever, a previous study with a GPR40 agonist failed to 
demonstrate any reduction in glucagon secretion. In that 
study even GLP1, a known inhibitor of glucagon secre- 
tion, failed to reduce glucagon secretion [8]. In order to 
find out whether GPR40 mediated impacts were primar- 
ily due to its action in alpha or beta cells, we measured 
its expression in both cell types by comparative gene ex- 
pression analysis. We observed that GPR40 expression 
in an alpha cell line (alpha-TCl) was only 1.7% of that 
observed in a beta cell line (NIT1) (data not shown). 
These data are consistent with earlier finding [9] show- 
ing almost exclusive expression of GPR40 in beta cells 



and no expression in alpha cells. Interestingly, a similar 
pattern for GLP1 receptor expression in alpha and beta 
cells and its ability to increase insulin secretion and de- 
crease glucagon secretion has been reported [10]. More- 
over, during insulin granules exocytosis, ATP is also 
released from beta-cells which can inhibit glucagon se- 
cretion [11]. We have earlier shown that ATP levels are 
increased in islets after GPR40 activation by CNX-011- 
67 [6]. Hence suppressed glucagon secretion by GPR40 
activation is mediated by the beta-cells secretory prod- 
ucts but not by suppressing GCG expression. Hence, it 
appears that primary site of action for GPR40 is beta 
cells and its impacts on glucagon secretion are due to 
increased insulin granules exocytosis. Based on the very 
less expression of GPR40 in alpha cells and nature of 
control of insulin on glucagon secretion, we consider 
that CNX-011-67 mediated increase in insulin secretion 
is a possible mechanism to reduce glucagon secretion 
from intact islets. However, future studies are required 
for a definitive answer. 

Taken together, our data provide evidences that GPR40 
activation can suppress glucagon secretion under patho- 
logically relevant condition thus providing potential bene- 
fit in reducing hyperglycemia. 

Methods 

Rat islet isolation, culture, treatment and gene expression 
analysis 

Rat islets were isolated and were cultured either as con- 
trol (vehicle control, VC) or under GL conditions (con- 
taining 16.7 mM glucose and 500 uM palmitate) for 
72 h as described [7], in presence or absence of CNX- 
011-67 (0.3 uM). Gene expression studies were carried 
out as described [7]. Briefly, after 72 h of culture, islets 
were harvested in Tri-reagent (Invitrogen) and total 
RNA was isolated followed by first strand cDNA synthe- 
sis using reverse transcriptase and random hexamer 
(ABI, USA). Gene expression of target genes was mea- 
sured using SYBR Green based PCR Master Mix (Euro- 
genetic, Belgium) and beta-actin was used as an internal 
control. 

Estimation of glucagons secretion and content 

For estimation of glucagon secretion after acute expos- 
ure of CNX-011-67, rat islets were pretreated under low 
glucose condition (0.5 mM) in presence or absence of 
CNX-011-67 (0.1 uM) for 1 h. These islets were then in- 
cubated under low (0.5 mM) or high glucose (11 mM) 
for 2 h again in presence or absence of CNX-011-67. 
Amount of glucagon secreted in supernatant was then 
measured using glucagon ELISA kit (RnD Systems) as 
per manufacturers protocol. 

For estimation of secreted and cellular glucagon after 
chronic treatment, rat islets were cultured under VC or 
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GL conditions with or without 0.3 \iM CNX-01 1-67 for 
72 h. Islets were washed and pretreated under low glucose 
condition followed by incubation under high glucose for 
2 h. The culture conditions were kept similar to our earlier 
study where we measured insulin secretion [3]. The super- 
natant was collected for estimating secreted glucagon and 
the islets were lysed for estimating cellular glucagon using 
ELISA kit (RnD Systems) and were represented as pg/islet. 

Statistical analyses 

Data from four biological replicates are presented as mean 
with standard error of mean. For statistical analyses, 
ANOVA with Newman-Keuls post test was performed 
and P-values were calculated using GraphPad Prism. Stat- 
istical significance is represented as *P < 0.05, **P < 0.01 
and ***P < 0.001. 

Abbreviations 

GPR40: G protein coupled receptor 40; T2DM: Type 2 diabetes mellitus; 
VC: Vehicle control; GL: Glucolipotoxicity; GLP1: Glucagon like peptide 1; 
GCG: Glucagon gene. 

Competing interests 

The authors declare that they have no competing interest. 



pancreatic islets impair insulin secretion due to dysregulated calcium 
dynamics, glucose responsiveness and mitochondrial activity. BMC Cell 
Biol 2013, 14:31. 

8. Yashiro H, Tsujihata Y, Takeuchi K, Hazama M, Johnson PR, Rorsman P: The 
effects of TAK-875, a selective G protein-coupled receptor 40/free fatty 
acid 1 agonist, on insulin and glucagon secretion in isolated rat and 
human islets. J Pharmacol Exp Ther 201 2, 340:483-489. 

9. Itoh Y, Kawamata Y, Harada M, Kobayashi M, Fujii R, Fukusumi S, Ogi K, 
Hosoya M, Tanaka Y, Uejima H, Tanaka H, Maruyama M, Satoh R, Okubo S, 
Kizawa H, Komatsu H, Matsumura F, Noguchi Y, Shinohara T, Hinuma S, 
Fujisawa Y, Fujino M: Free fatty acids regulate insulin secretion from 
pancreatic beta cells through GPR40. Nature 2003, 422:173-176. 

10. De Marinis YZ, Salehi A, Ward CE, Zhang Q, Abdulkader F, Bengtsson M, 
Braha 0, Braun M, Ramracheya R, Amisten S, Habib AM, Moritoh Y, Zhang E, 
Reimann F, Rosengren AH, Shibasaki T, Gribble F, Renstrom E, Seino S, Eliasson L, 
Rorsman P: GLP-1 inhibits and adrenaline stimulates glucagon release by 
differential modulation of N- and L-type Ca2+ channel-dependent exocytosis. 
CellMetab 2010,11:543-553. 

1 1 . Tuduri E, Filiputti E, Carneiro EM, Quesada I: Inhibition of Ca2+ signaling 
and glucagon secretion in mouse pancreatic alpha-cells by extracellular 
ATP and purinergic receptors. Am J Physiol Endocrinol Metab 2008, 
294:E952-60. 



doi:1 0.1 1 86/1 756-0500-7-595 

Cite this article as: Verma et al.: A novel GPR40 agonist, CNX-01 1-67, 
suppresses glucagon secretion in pancreatic islets under chronic 
glucolipotoxic conditions in vitro. BMC Research Notes 2014 7:595. 



Authors' contributions 

SB, BC, KN carried out the experiments. MKV conceived the idea, planned the 
study, analyzed the data and wrote the paper. AMO, BPS and MRJ 
contributed in planning the experiments and reviewing/editing the 
manuscript. All authors read and approved the final manuscript. 



Acknowledgements 

The authors thank Yoganand Moolemath, MV Venkataranganna, Smitha R 
and Niketa Pawar for their help in conducting the study. We also thank 
Vinita Radhakrishnan for her valuable help in editing the document. 

Received: 12 March 2014 Accepted: 29 August 2014 
Published: 3 September 2014 



References 



Shah P, Basu A, Basu R, Rizza R: Impact of lack of suppression of glucagon 
on glucose tolerance in humans. Am J Physiol 1999, 277:E283-E290. 
Porte D Jr, Kahn SE: The key role of islet dysfunction in type II diabetes 

mellitus. Clin Invest Med 1995, 18:247-254. 

Gowda N, Dandu A, Singh J, Biswas S, Raghav V, Lakshmi MN, Shilpa PC, 
Sunil V, Reddy A, Sadasivuni M, Aparna K, Verma MK, Moolemath Y, Anup 
MO, Venkataranganna MV, Somesh BP, Jagannath MR: Treatment with 
CNX-01 1-67, a novel GPR40 agonist, delays onset and progression of 
diabetes and improves beta cell preservation and function in male ZDF 
rats. BMC Pharmacol Toxicol 2013, 14:28. 

Wang L, Zhao Y, Gui B, Fu R, Ma F, Yu J, Qu P, Dong L, Chen C: Acute 
stimulation of glucagon secretion by linoleic acid results from GPR40 
activation and [Ca2+]i increase in pancreatic islet {alpha}-cells. 

J Endocrinol 2011, 210:173-179. 

Maruyama H, Hisatomi A, Orci L, Grodsky GM, Unger RH: Insulin within 
islets is a physiologic glucagon release inhibitor. J Clin Invest 1984, 
74:2296-2299. 

Sunil V, Verma MK, Oommen AM, Sadasivuni M, Singh J, Vijayraghav DN, 
Chandravanshi B, Shetty J, Biswas S, Dandu A, Moolemath Y, 
Venkataranganna MV, Somesh BP, Jagannath MR: CNX-01 1-67, a novel 
GPR40 agonist, enhances glucose responsiveness, insulin secretion and 
islet insulin content in n-STZ rats and in islets from type 2 diabetic 
patients. BMC Pharmacol Toxicol 2014, 15:19. 

Somesh BP, Verma MK, Sadasivuni MK, Mammen-Oommen A, Biswas S, 
Shilpa PC, Reddy AK, Yateesh AN, Pallavi PM, Nethra S, Smitha R, Neelima K, 
Narayanan U, Jagannath MR: Chronic glucolipotoxic conditions in 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



(3 BioMed Central 



